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Abstract
In Brazil, the electricity consumption of the commercial class has been growing more than the consumption of 
the other classes, e.g. residential, industrial, and others. Understanding why this is happening and how it would 
progress is essential for policy makers and for agents of the electrical sector. Bottom-up models consider a 
detailed and disaggregated representation of a region’s economy, and allow the incorporation of technological 
changes and policy impacts in its forecasts. In this context, the paper presents the first results of the long-term 
bottom-up modelling of Brazilian commercial class electricity consumption. The bottom-up model used in this 
work is the FORECAST model adapted for Brazil. It differentiates the five regions of the country, 8 subsectors 
of the tertiary sector, and 14 building and end user related energy services, such as lighting in buildings, street 
lighting, ventilation and air conditioning, and others. Despite the lack of consolidated information at the 
required level of disaggregation in Brazil, the first results show proximity to the official long-term forecasts. 
The results are analyzed and discussed.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
Long term forecasting of the electricity consumption is essential for the electric power sector. It can provide 
a basis for capacity expansion, business planning, policy making, and others. For example, a distribution 
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company could estimate future investment in its concession area based on demand forecasts of the region, and a
power generation company could plan the purchasing of generation units.
In the literature, there are applications of many different models providing long-term electricity demand or 
consumption forecasts, most of which are top-down models: Bodger and Tay [1] use logistic curve to predict 
New Zealand’s electricity consumption 15 years ahead; Atakhanova and Howie [2] calculate sectorial and 
aggregate electricity consumption of Kazakhstan via econometric model; Bianco, Manca, and Nardini [3] use 
regression models to forecast Italy’s electricity consumption from 2008 to 2030; Kermanshahi and Iwamiya [4]
apply neural networks to forecast Japanese peak load up to year 2020 with data until 2000; and many others
studies.
In contrast with top-down models, which consider the aggregated electricity consumption of a country, 
region, utility, etc., bottom-up models consider the consumption in a disaggregated manner, detailing the 
energy end-uses like lighting, information and communication equipment, air conditioning, etc. [5]. Bottom-up 
models, therefore, have the ability to model technological changes, and are a strong tool for policy makers.
This paper applies a bottom-up model to calculate the long-term electricity consumption of the Brazilian 
commercial class. This class was selected because its consumption is growing faster than that of the other 
classes, i.e. “industrial”, “residential”, and “others”, as presented in Fig.1. With bottom-up modelling one may 
analyze why this is happening. 
The objective of the paper is to show the results of the long-term bottom-up forecast for Brazil, obtained 
with FORECAST-Tertiary model, and to compare them with the country’s official forecasts. The paper will 
present the results of total consumption, and will not show the disaggregation at end-use level nor at regional 
level.
The paper is structured as follows: the first section introduces the paper; the second section describes the 
model; the third section presents the results, and the fourth section provides the conclusion of the paper.
2. Model description
The model used in this work is the FORECAST-Tertiary, which has been developed by Fraunhofer Institute, 
TEP Energy and IREES over the years. The detailed methodology can be found in the study by Jakob et al.
(2013) [6], where the model is applied to estimate the impact of an eco-design policy in the electricity demand 
of the European tertiary sector. The study extends the methodology of preceding papers [7] [8].
2.1. The model
The FORECAST-Tertiary bottom-up model allows the calculation of electricity consumption, for a target 
year, disaggregated by region, by subsectors of the tertiary sector, and by energy services (e.g. lighting, 
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Fig. 1. Brazilian annual electricity consumption (1995 – 2013)
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refrigeration, ventilation and air-conditioning). FORECAST-Tertiary can model energy policies and, thus, can 
estimate their impacts on the electricity demand: the model uses a concept of energy efficiency measures 
(EEMs), which represent options that improve energy efficiency related to specific energy services, subsectors, 
or regions, and which are defined according to the policy being modelled.
The forecasting approach consists, basically, of calculating the electricity consumption via sum and product
of global drivers (e.g. number of employees per square meter), specific energy service drivers (e.g. number of 
computer per employee), and of specific energy consumption indicators (e.g. installed power per square meter,
utilization hours) [6]: in order to obtain the total consumption for a year, the consumption per energy service, 
subsector, and region, of that year, is aggregated. When taking policies into account, EEMs are also considered 
in the aggregation, and reduce the total electricity consumption. In order to create the forecast of a country, 
exogenous forecasts of different variables of the model have to be made.
It is possible to perceive that the model is very data intensive, once it requires detailed data (e.g. installed 
power, utilization hours, maintenance cost) of several energy services per subsector of the tertiary sector and 
per region. The good representation of a country is, therefore, directly related to the database that will be used 
in the forecast.
In order to represent Brazilian commercial class, Brazil was divided into five regions, seven subsectors of 
the tertiary sector, and fourteen energy services, as presented in Table 1. After listing the information 
demanded by the model (input data required), a major research was made (contact with qualified consultancy, 
research in governmental databases and studies, etc.) with the purpose of constructing the database. When data 
was not available or was not found, information from Europe was used.
Table 1. Regions, subsectors and energy services considered in the model
Regions Subsectors Energy Services
South Wholesale and retail trade Lighting
Southeast Hotels, cafes, restaurants Lighting street
Midwest Traffic and data transmission ICT office
Northeast Finance ICT data centers
North Health Ventilation and air-conditioning
Education Circulation pumps and others
Other services Electric heating
Heat pumps
Hot water
Elevators
Misc. building technologies
Cooking
Laundry
Refrigeration
2.2. Assumptions for Brazil
Assumptions regarding the future of Brazil were made for the variables that had to be exogenously 
forecasted. The global drivers of the model, e.g. number of employees per subsector per region, and floor area 
per employee, greatly influences the forecast results; the forecast for these variables are, thus, of great 
importance and will be shown. The floor area data was obtained via calculation based on European data and on 
reports of the National Electrical Energy Conservation Program (PROCEL); Table 2 shows the values obtained 
from the calculation. As the historic data was not found for Brazil, the forecasts were made considering the 
annual growth rate of European countries. The forecasts of the number of employees were made considering 
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the official historic and extrapolating the trends using annual growth rate year by year. Additionally, a
consultancy was contacted in order to understand the expectancy of future employment of the service sector, 
what gave a basis to the reduction of the growth rate on the long-run. The regional forecasts of the employment 
are presented in Figures 2 to 6.
Table 2. Specific floor area (m²/employee) per subsector
Subsector m²/employee
Wholesale & Retail trade 41,33
Hotels, restaurants, etc. 44,91
T&D trans. 24,60
Finance 19,80
Health 10,11
Education 47,07
Other services 21,54
Fig. 2. Number of employees forecast for the North Region of Brazil
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Fig. 3. Number of employees forecast for the Northeast Region of Brazil
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Some variables are made constant throughout the forecasting horizon due to the dynamics of the model (for 
example, installed power per energy service is kept constant, and would change over time depending on the 
diffusion of EEMs; in the case of this paper, we do not model the diffusion of EEMs).
3. Results
After consolidating the database for Brazil with information found and adjusted, and with the required 
forecasts for the variables, the model was used. The results and their comparison with the official demand 
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Fig. 4. Number of employees forecast for the Midwest Region of Brazil
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Fig. 5. Number of employees forecast for the Southeast Region of Brazil
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Fig. 6. Number of employees forecast for the South Region of Brazil
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forecasts [9] are shown in Fig. 7. In the figure, black color is realized value, and hachures are estimated values. 
It is possible to see that the forecast from the proposed bottom-up model has a lower growth rate (3,7% a.a. 
from 2013 to 2023) compared to the official forecast (5,5% a.a. from 2013 to 2023), which is made by the 
Energetic Research Company (EPE): this indicates that the model provides more conservative forecasts than 
the official source. The short-term results are nearly the same because the FORECAST-Tertiary adjusts the 
bottom-up (aggregated/calculated) result with a factor (i.e. the model calibrates the bottom-up calculation in 
order to provide more accurate forecasts). The long term result from the bottom-up model indicates a scenario 
of low electricity consumption: it estimates that the annual growth rate on the period of 2018 to 2023 to be 2,3% 
a.a. This appointment is in accordance with the assumptions made for employment for the Brazilian service 
sector, which are assumed to retract from 2018 on. In contrast to the bottom-up model, EPE’s forecast indicate 
relative high consumption growth on the long run – 5,7% a.a. from 2018 to 2023.
The bottom-up model also allows one to analyze the electricity consumption: it is possible to disaggregate 
the results per subsector or per region or per energy services. This feature is positive to policy makers and to 
companies that would like to plan investments in the energy efficiency business or in electrical power sector
based on consumption scenarios. This type of result will not be provided by this work because it must still be 
consolidated.
4. Conclusion
The bottom-up model is an important tool for evaluating scenarios of electricity consumption and for
explaining the occurrence of those scenarios, as it allows one to disaggregate the results per energy service, 
subsectors or regions. In contrast, top-down models use aggregated information and forecast total electricity 
consumption based on exogenous variables (or not).
In this context, the present work proposed a first application of a bottom-up model, the FORECAST-
Tertiary, to long-term forecast the total electricity consumption of the Brazilian commercial class. It is shown 
that the results of the model are much more conservative than that of the official forecast, and that the model is 
very sensitive to the assumptions of the global drivers, such as “number of employees per subsector per region” 
and “specific floor area”, specific drivers, such as “utilization hours of energy services”, and others.
In order to model Brazil, the consolidation of the database had to be done. The data was based on research 
and on contact with consultancy. In spite of this, there was data that could not be found, because it does not 
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Fig. 7. Electricity consumption forecasts for Brazil with FORECAST-Tertiary
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exist for Brazil; in this case, data from Europe was used. The idea is to consolidate, in the future, the database 
only with information of Brazil, so that disaggregated evaluation can be accurate about the country. 
The proposed future studies are: model existing Brazilian policies with the bottom-up model, and evaluate 
their impacts on the electricity consumption.
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